Kohn and Liversedge (1) have shown that tissues incubated aerobically produce a substance which reacts with p-aminobenzoic acid (PAB) to form a yellow soluble compound and with thiobarbituric acid to form a red soluble complex. Brain produces the greatest amount per unit weight, followed by liver and kidney, and traces were found in other tissues. The substance is produced in broken-cell suspensions or in tissue slices, but only in the presence of oxygen. A number of drugs inhibit the reaction and the authors postulated that an enzyme oxidizes a precursor present in these tissues to a product which would then react with either p-aminobenzoic acid or thiobarbituric acid. It seemed likely that this product was an aromatic aldehyde with hydroxy groups attached to the ring because p-hydroxybenzaldehyde, but not benzaldehyde, condenses with p-aminobenzoic acid to produce a yellow color, the absorption spectrum of which is similar but not identical with that given by the oxidation product of the tissues. Because of the possible importance of this oxidation, it was of interest to study it in greater detail.
suspensions when incubated gave little or no color with PAB, presumably because the substrate had been removed by the washing. In order to obtain a concentrated solution of substrate brains were ground in, 20 per cent trichloroacetic acid, extracted for 30 minutes, centrifuged, and the liquid extracted with washed ether to remove the trichloroacetic acid. The solution was then adjusted to pH 6.7. On incubation it produced no color with PAB but the addition of washed brain produced a color, the intensity of which, however, was not proportional to the amount of substrate solution. This fact was not consistent with a simple enzyme-substrate relationship.
The properties of the washed brain suspension were then investigated. It was placed in a boiling water bath for varying lengths of time and subsequently incubated with the "substrate" solution. Boiling for 10 minutes, which completely inactivated the enzymes responsible for the oxidation of glucose, lactate, pyruvate, tyramine, and p-phenylenediamine, only slightly impaired the color production with PAB. Even after 60 minutes boiling some activity remained. The enzyme, if such it were, was very thermostable. The washed brain could be precipitated with alcohol and acetone and kept for several months in the dry state without loss of activity. Treatment with strong acid, however, inactivated it.
Boiling the "substrate" solution in acid and alkali caused partial inactivation. Addition of small amounts of Iff.oCh for 10 to 15 minutes before incubation with washed heated brain cause complete inactivation. Removal of the excess H20~ with blood catalase before incubation gave the same result, indicating that the "substrate" was inactivated by H~02 and not the washed brain.
The reaction between the washed heated brain and the "substrate" solution can be inhibited by a number of compounds. The most active of these inhibitors are the aromatic hydroxy compounds such as epinephrine, catec, hol, quinone, and gallic acid. This effect along with certain others is shown in Table I . Metal ions, with the exception of copper which inhibits, are without effect in the concentrations used. Rat and rabbit serum also inhibit, possibly by adsorbing the "substrate." Washed heated brain and "substrate" solution when mixed take up oxygen and this uptake is also inhibited by the same compounds which inhibit the production of the substance that condenses with PAB. These compounds added after the incubation but before the addition of PAB have no effect; i.e., they do not interfere with the condensation.
The occurrence of the reaction in tissues of various animals is shown in Table II . The tissues were ground but not washed and incubated at pH 6.7. The results are expressed as units per gram wet weight of tissue. In certain instances "substrate" solution from rat brain was added because of the probability of the "enzyme" being present but the "substrate" lacking. In no case did the addition of "substrate" to a negative tissue change the result. Apparently the two factors, if present, are present together.
Other than the production of the substance which condenses with PAB and the oxygen uptake there was no clue as to the nature of the reaction. No ammonia was produced, no -SH groups appeared or disappeared, and a number of spot tests for various groups were negative. It was found, however, that the addition of small amounts of ascorbic acid to washed heated brain in the abseance of "substrate" caused the production of the substance which condenses with PAB. The absorption curve of the color thus produced was identical with that produced when the "substrate" solution was used, both being identical with the curve found by Kohn and Liversedge. Apparently ascorbic acid in the "substrate" solutions was responsible for the reaction. Further evidence for the identity of ascorbic acid and the "substmte" is shown in Table I . The same compounds which inhibit the reaction with the "substrate" inhibit the reaction when ascorbic acid is used. Moreover, pretreatment of ascorbic acid with H202 inactivates it just as it inactivates the "substrate." A more quantitative study of the reaction was now possible because pure NEW M-ETAB OLITE ascorbic acid instead of "substrate" could be used. It was found that the amount of color produced when ascorbic acid was incubated with the washedheated brain preparation was independent of the ascorbic acid concentration down to 503'. Below this amount rough proportionality was obtained: Orr the other hand the color was proportional to the amount of brain preparation. Experiments on the oxygen uptake showed the same relationship. Table  III and Fig. I show these results. Presumably, therefore, ascorbic acid catalyzes the oxidation of a compound which is linked to the brain protein and is not removed from it by washing with water, alcohol, or acetone. During the oxidation the linkage is broken and the compound goes into solution and can then react with PAB.
The ascorbic acid was estimated before and after incubation with the brain preparation :by indophenot titration and by the method of Roe and Kuether (2) . The values by the first method were as follows: with 0.5 ml. of brain preparation to which 0.5 and 0.1 rag. of ascorbic acid had been added: before incubation, 4.7 and 1.2 ml.; after incubation, 3.3 and 0.2 ml. respectively. The ascorbic acid is therefore oxidized in the process. The PAB color values for the two concentrations of ascorbic acid were 564 and 520. The Roe and Kuether method which estimates all the ascorbic acid as dehydroascorbic acid gave a colorimetric value of 265 before and after incubation of 0.1 mg. of ascorbic acid with the brain preparation. The value obtained on 0.1 mg. of ascorbic acid alone was 265 and brain alone gave 19. Therefore almost all the ascorbic acid incubated with brain can be recovered as dehydroascorbic acid.
TABLE III

The E.ffezt of Different Amounts of Washed Heated Brain Preparation and Different
Amounts of Ascorbic Acid Since anaerobic incubation of brain and ascorbic acid yields no substance which condenses with PAB, it is reasonable to assume that dehydroascorbic acid is the oxidizing, agent. It is apparently specific because methylene blue and quinone are inactive as measure d by their effect on the oxygen uptake. The oxidation is not reversible since anaerobic following aerobic incubation does not reduce the color formation with PAB. The copper ion added to the brain preparation and ascorbic acid inhibits the production of the compound which condenses with PAB. This fact brings up the possible relationship between copper and ascorbic acid. It would seem that metal ions present in the brain preparation do not normally play any part in the reaction because comparatively large amounts of cyanide do not affect the oxygen uptake and only slightly inhibit color production. It has been fourid; however, that occasionally copper added to the brain preparation without ascorblC acid produces the substance which gives the color with PAB and this color has an absorption spectrum identical with that of the ascorbic cid product. This effect of copper is very sporadic, occurring not more than once in twenty different brain preparations and for no definable reason. Whe it does occur, the copper increases the ascorbic acid effect, whereas, normally, as stated above, copper inhibits it. There is at present no explanation for this phenomenon.
Attempts were made to determine whether a substance which condenses with PAB occurs in plants. Peas were sprouted between layers of paper in peat moss. Theroots and sprouts were ground and extracted with distilled water.
Addition of trichloroacetic acid and PAB to this extract gave a yellow color with the peak of the absorption spectrum shifted to the left of the one obtained with animal tissues. Incubation of the extract before the addition of PAB increased the color only slightly. The colorimeter values obtained with 0.5 gin. of pea roots at pH 7.0 were as follows: Nc>PAB, 24; PAB on unincubated extract 175; after incubation 261. Incubation with catechol had a negligible effect.
DISCUSSION
Under normal conditions molecules of small molecular weight may be combined with tissue proteins. An example of this is histamine, which is apparently combined with a number of proteins through a peptide linkage (3) . The experiments reported here indicate that brain protein (as well as that of several other organs but not that of blood) is combined with a compound which probably contains hydroxy groups attached to a ring. The linkage is stable because extensive washing and heating fail to break it. It is, however, very susceptible to oxidation in the presence of ascorbic acid which acts as a catalyst. The oxidation is accompanied by the splitting of the compound from the protein and the formation or exposure of an aldehyde group. The concentration of the compound in the same organ of animals of the same species varies a great deal (cf. frog muscle in Table II ) which indicates a rapid metabolism. In vitro the reaction is rapid; a detectable amount of the compound is produced within a few minutes of the addition of the ascorbic acid to the brain preparation. The possible pharmacological properties of the compound, its chemical nature, and its status in the scorbutic animal are questions which await further investigation. SUMMARY 
